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Description 

RIBOZYME THERAPY FOR THE TREATMENT AND/OR 
PREVENTION OF RESTENOSIS ^ 



Technical Field , . , - , 

the present invention relates generally to therapeutics, and more 
speeificaliy, to compositions and methods which may be utilized in the treatment and/or' 
10 prevention of restenosis. 



Background of the Invention , 

' ' ' In 1991 an excess of 300,000^ angioplasties were performed in the 
United States Restenosis is a major complication following angioplasty, occurring in 
15 30%.6b°>o of patients. Indeed, restenosis is the single most significant problem in 
inteh'etitfbnal iar^lology ^^a^^ costs the healtli ckrelystem in excess of $1 billion per 
yean ' - ■'■■ ^ 

; ^ " * Restenosis following angioplasty is the result of local vascular injury, and 
is characterized by the local infiltration of platelets and macrophages, and local 

20 activiion bf the cimting system, these factors result in the elaboration of a number of 
biologic mediatdr^' of sinooth muscle cell (SMC) niigratidh and proliferation. These 
SM^in^tfe iritoIHe vasaila^ produce extracellular 

matTO :^ci^j/'resu^^^ the ft>rmatior> of a fibrocellular mass which can obstruct 
b!oo(rilo\^:^^fiMert^^^^ to induce the expression of a variety of 

25 onco^^neitKlim believed tci play a role'in the cellular response to this injury. Thus, a 
need 'eJciSt^^r ^^Si^ to prevent and treaf restenosis. The present 

invemibri satisfies tfiis need and further provides other; related: advantages as well. 



Summarv of thfe invention 
30 As an effective therapy for restenosis, this invention provides ribozymes 

and ribo^e delivery systems useful to inhibit abhofnial smooth muscle cell 
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proliferation in vascular tissue. Methods of producing ribozymes and gene therapy 
utilizing these ribozymes also are provided. 

Accordingly, .in ;one aspect the present invention ribozymes having the 
ability to inhibit abnormal smooth muscle cell proliferation in vascular tissue. Preferably, 

5 the ribozyme is a hammerhead or hairpin ribozyme, representative examples of which 
recognize the target site sequences set forth below and in. the Examples. In preferred 
embodiments, the present invention also provides nucleic acid molecule encoding such 
ribozymes; further preferably, the nucleic acid is DNA or cDNA. Even further 
preferably, the nucleic acid molecule is under the control, of a promoter to transcribe the 

10 nucleic acid. 

In another aspect, the present invention provides host cells containing the 
ribozymes described herein, vectors comprising the nucleic acid encodipg the ribozymes 
described herein,,and host cells, comprising such a vector. Preferably, the vector is a 
plaslnid, retrotransposon.- a cosnud or a virus {e,g.. adenovirus, adenp-^ssociated virus. 
15 or a mrovinis). In one embodiment where the vector is a retroviral vector, the nucleic 
acid molecule encoding the ribozyme ; under the control of a promoter, which is 
preferably a pol ni promoter, further preferably a human tRNA^" promoter or an 
adenovirus VAl promoter, is inserted between the 5' and 3' long terminal repeat 
sequences of the retrovirus. 
20 The present invention also provides a host .stably transformed with 

such a r^stroviral vector Preferably,, the host c?|l is a murine or ,a huTO^^^ 

In a further aspect, the present invention provides meth<;>?Js fOT 
a nb^m^'tl^ ribcj^j^ WSt^le wprpjjferatioti . 

in v2iSS't£ue! which methbd. comprises, providing nucleic .acid, molescul^ . 
25 DNA) CTCoding.the ribojwme .under tlie transcriptional control, .of a^ 

transcriWng the'nucleic acid produce the ri^o^e. PreferaWy. the method 

further^comprises purifying the' ribozyme produced. The ribozyme may be produced 
in vitro, in vivo or ex v/vo. 

In yet another aspect, the present invention provides methods of 
30 inhibiting abnormal smooth niuscle cell proliferation in vascular tissue, which method 
comprises . introduj?ing into th?. ^^ell an effective amount of the ribozymes described 
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herein. In one embodiment, sucii methods comprise introducing into the cell an effective 
amount of DNA encoding a libozyme as described herein and transcribing the DNA to 
produce the ribozyme. Preferably, the cell is a human cell, 

In still a further aspect, the present invention provides methods of 
5 preventing abnormal smooth muscle cell proliferation in vascular tissue, which methods 
comprise introducing into the cell an effective amount of a nucleic acid molecule (c^., 
DNA) encoding a; ribozyme as descril?ed herein and transcribing the DNA to produce 
the ribozyme. Preferably, the cell is a human cell, ...,,,>, o : ' 

In preferred embodiments, the methods fiirther coiriprise administering,: 
10 the cell transduced with a retroviral vector to a mammal of the same species , as that from 
which. the transduced cell was obtained. In other preferred embodiments, the «el|;, 
transduced with the retroviral vector has been obtained from the niainmal receiving; the, 

transduced cell., . , - - ■ . 

These and other aspects of the present invention will, become evident 
1 5 upon refere?ice tp the following detailed description and attached dra>^ings.. In addition, 
various Teferences are set forth herein that describe in more detail certaiti. procedures or 
comppatjpns. (5.^., plasnjids, etcX and are therefore incorporated by reference in their 
entirety as if each were individually noted for incorporation, 

20 BriefDescription of the Drawings . 

Figure Hs a schematic tllu«^^ 

Figure 2 is a schematic illustration of a, representative hairpin ribozyme. 
Figurft,3 jsi a.schematic illustration of ari adenoyiral yectpr expressing a 
hairpin ribozyme gene. 

25 Figure 4 is a graph which illustrates the effects of ribo?yrnes,9n a balloon 

injured rat carotid artery. , u ^ 

Figure 5 is a graph which illustrates the effects of ribo^jmies on 

injured rat carotid artery. : i 

Figure 6 is a schenwtic . illustration of a ribozyme directed , against rat 

30 PCNA. 
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Figure 7 is a scliematic illustration of a ribpzyme directed against rat cdc- 

2 kinase. 

Detailed De-icription of the Invention 

5 . ■ v;- >■■■■■■ • ' bEFINiTlONS 

'= " Prtortd setting forth the invention, it may fee heipfiil to an understanding 
thereof to-first s^ forth definitions of certain terms that will be used h^eina^er, 

' * . "Rjbozimg" refers to a nucleic acid mblectile which is capable of cleaving 
a specific nucleic acid sequence. Ribozytnes mSy be composed of Ri^>: DNX, nucleic 
10 add^ahalogue^t«:^f Vpfi^sph^^ combinMoh of'lhfese Xii-g.: DNA/RNA 

chim^rifcsX'-: :'\\ritHirt- paiticularly preferred embodiments, ' * nbozyrrie ^^^^^ be 
undci'Stood t6'« tdRNA rriblecules that contaiii ami-sfe^is^ l^qitences ifor s^a^^^^^ 

recoirtiti6n,-attd an^^^^^ - 
■ Rihozvme gene " refers to a nucleic acid molecule {e.g., DNA) cbnsistihg 
15 ofthembzymesequerice which: when transcribed into 1W 

- ^' ■ "YMw" refers to an assembly which is capable of «>cpressihg arnfebzyrtie 
of ito^.-'T'fi^^v^tbi^ n^y composed of either debkyribonucleic aadi t"DNA") or^ 
riboflucleic mid? fRNA'O: Optibnaliy; the ■ vector may include 4 pbiyadenylatioft; 
sequence, one or more restriction sites;is W^li « bhe^brWbir^ Sfelfcct^ible toafe^ 
20- as neomycin phosphotransferase, hygromycin phosphotransferase or puromycin-N- 
acetyl-transferase. Additionally, depending on the host celK chosen- a^^^^ Vector 
employed, other genetib dements ^ch as aii^rigin 'of r^iic^dhradditjoriil nucleic acid 
Ttstikm'mr'ii^i^ confferrihg ii»luc!bil«y 6f t^iifiscnprion. and 

seleCtibil1hafKers:mayaIsbbei^^^ 

25 

'■■■'^-''-'''jCisim^s-is i major clinicd jirbblerri and as tfie^^re^^^^^^ for 
repeat hospitalization, repeat, angioplasty or bypass surgery, restenosis costs the nation's 
healtJiiikre^j^^ in excess of sfbiUion year. ' Restenosis is beU^ed to comprise 
three important components. First, myointimal proliferation of vascular smooth miiscle 
30 cells and th^^itiij^iient de^bsiri^^ of ECM r^siiits in^a fibrocellulir rriis^which can 
encroach upon the vascular lumen. Second, following acute angioplasty, there may be 
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significant elastic recoil of the artery which contributes to a late loss of luminal 
dimension. Finally, platelets and thrombus adherent to the vascular mil may, over time, 
organize into a fibrpcellular mass. 

Smooth muscle cells (SMCs) are capable of producing and responding to 

5 a variety of growth factors including platelet-derived growth factor (PDGFX, 
transfonning growth factor (TGF), fibroblast growth factor (FGE), insulin-like growth 
factor (IGF)» and interleukins. These same factors have been found in human restenotic 
lesions. In addition, a variety of oncogenes Xe,g., c-OTyc, c-/o5, and c-myb) have been., 
found to be involved in smooth muscle cell migration and proliferation as well as 

10 deposition of ECM that is associated with post-vascular injury. Smooth muscle cells 
themselves are capable of regulating their own growth by local autocrine and paracrine 
mechanisms. 

As discussed in more detail below, by interfering with the local 
production and action of the growth factors, oncogenes and pell regulatory proteins 
15 involved with SMC growth following vascular injury, restenosis can be effectively 
treated and/or prevented. This invention accomplishes such by providing ribozymes and. 
methods of using ribozymes that directly block th? production of the grov^h factors, 
oncogenes and. ceH regulatory, proteins involved with SMC growth following vascular 
injury. ; . 

20 _ _ . ■ . ■ 

RIBOZYMES 

As rioted above,, the present invention provides ribozymes having the 
ability to- inhibit, , prevent or delay the formation of pathologic smooth muscle 
proliferation and restenosis. Several different types of ril)02yTnes may be constructed for. 

25 use within the present invention, including for example, hammerhead ribozymes (Rossi, 
JJ. et al., Phannac, Ther, 50:245-254, 1991) (Forster and Symons, Ctr// 48\1\ N220. 
1987; Haseloffand Gerlach, A^o^^^^ 325:596-600, 1988; Walbot and Bruening, //a/7/re 
53-/: 196, 1988; Has^sloff^and Geriach, Nature 357:585, 1988; HaselofFet al., U.S. Patent 
No. 5,254.678), hairpin ribozymes (Hampel et al., NucL Acids, Res. /5:299-304, 1990, 

30 and U.S. Patent No. 5,254,678), hepatitis delta virus ribozymes (Perrotta and Been, 
Brochem. 5/:16, 1992), Group I intron ribozymes (Cech et al, U.S. Patent No. 
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4.987.071) RNase P ribozymes (Takada et al.. Cell 55:849, 1983); {see e.g., WO 
95/29241, entitled "Ribozymes With Product Ejection by Strand Displacement"; and WO 
95/3 1 55 lventiti6d "l^ovel Eitr/ma^tic RN 

Ccchetal. (U.S. Patent No. 4.987,071, issued Januai7 :22. 1991) has 

5 disclosed the preparation and! use of certain synthetic ribozyihes which have 
end6ribbnucl«jase activity. These" nboiymes are based on the properties of the 
7e/ri%7ne/ia ribdsomal WlA self-splibing readion and require ah eight bise pair target 
site-'ivith a reijuiremeht for frfce guanosine 6r guihosine derivatives.' A" temperature 
optimurh bf 50»C is repdrted" for the endoriboniitlease activity. The fragments that arise 

10 from cleivage contain S'^phosphate and' S'-hydfeiyi groups and a free guanosine 
nucleotide added to the 5'-end of the cleaved KNA. In contrast, the ribozymes of this 
invention hybridize -dfifeiently to target sequences at phy^^^^^^ 

them suitable for use in viva, not merely as research tools {see column 15. lines 18 to 
42, of Cech et sd;, U.S. Patent No. 4.987,071). 
15 particulariy preferred ribozymes for use within the present invention are 

hairpih - ribozymes "(for exarhple, as described by Hampel et al.. European Patent 
Publication No: 03BO 257. published March 26. V990). Brietty. the sequence 
requireih«iHt %r ' the hairpirf' ribbzyme is any RNA sequence consisting of 
NNNBN*GUC(N), (Sequence ID Nos. 1-5) (where x iS any numbef frBm 6 to 10, N*G 
20 is the cleavage site, B is any of G. C. or U, and N is any of G. U. C. or A). 
Representative examples of recognition or target sequences for hairpin ribozymes are set 
forth below in the Examples. Additionally, the backbone or common region of the 
hairpin ribbzyine^^ be designed using thfe nucl^^^^^ sequeiice of the^ native hairpin 
ribozytne (Hatt^l et al.- te i4cto 7?ei: 75:299-304; 1990) orit baft be M)difi6d to ' 

25 includfe k -'tetfaiobp" struirfure'tli^ 

Virohgy^Oemi^e, 1995; Chedng St al., Naiure 346:6S0^6Si: ]99dCAmT^r^ et al.. 
Nucl. AiUis m. 2>.1096^1 TOO, 1994):' The sequence fequirement at the cieavage site 
for the hafnmefhead rtbb^61s any RNA sequehce consisting of NUX (where N is any 
of G: :U; e, or A i^d )f represent' C. U, or A) can be targeted. AfecOi^diV^ly, the same 

30 target Withiii the harptn leader sequence: GUC, is useful for the hairtmerfiead ribozyme. 
. The additibhal nucleotide^ of the hammerhead ribozyme or hairpin ribbzyme is 
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determined by the target flanking nucleotides and the han^merhead ponsensus sequence,. 

(5<?e Rufther et aL, Biochemistry 29: 1 0695- 1 0702, 1 990). 

The above information, along with the sequences and disclosure provided 

herein, enables the production of hairpin riboz/mes of this invention. Appropriate base , 
5 changes in the ribozyme are made to maintain the necessary b^se, pairing with |he target 

sequences. In one embodiment, the ribozymes provided herein have the ability to inhibit 

the activity of a growth factor responsible for abnormal smooth muscle cell proliferation 
. in vascular tissue. Such growth factors include, but are not limijted to plajtelet derived 

growth factor, fibroblast growth factor, insulin-like growth factor, c^myc, c-myb, c-fos, 
10 cdc2 kinase (Genbank accession number Y00272; Lee and Nurse, Natyre 527:31-35, - 

1987), proliferating cell nuclear antigen ("PCNA" Genbank accession; nu J04718; 

Travaii etaL, G. Biol Chem, 25V(13):74e6-7472, 1989),, Cycp^ 

accession number M25753; Pines and Hunter, Cell 55:833-846, 1989), Lysyl Oxidase 

(Genbank accession number M94054), TGF-a and TGF-p proteins, interleukins, and 
15 components of the extracellular matrix. As used herein, the . term "abnormal smooth 

muscle cell proliferation" should be understood to mean any small cell proliferation and . ; 

deposition of extracellular matrix occurring in response to. va^cylar injury or trauma 

involved by any angioplasty, stent, balloon angioplasty, atherectoniy, laser surgery, 

endovascular or surgical procedure, 
20 The ribozymes of this invention, as jwell, as DNA engorfipg such , . 

ribo2ymes and other suitable nucleic acid mplecujes, described in nipre detail beilpw, can . 

be chemically synthesized using methods well .kno>yii in, the art for .the synthesis of 

nucleic acid mtoiecules e.^,. Heidenreich et al., 1 FASEB 70(l):9p-6, 1993;.Sproat, 

Curr, bpith BiotechroL -/(l):20-28, 1993). Alternatively, Promega, Madison, Wis.,. 
25 USA, provides a series of protocols suitable for the production of nuclpic acid molecules 

such as ribozymes. 

Within other aspect^ of the present invention, ribozymes can also be ^- 
prepared from a DNA molecule or other nucleic acid molecule (which, upon 
transcription, yields an RNA molecule) operably linked to an RN A polymerase 
30 promoter, e.g,, the promoter for T7 RNA polymerase or SP6 RNA polymerase. 
Accordingly, also provided by this invention are nucleic acid molecules, e,g., DNA or 



PCTAJS96/14838 

WO 97/10334 ^ 



cDNA, coding for the ribozymes of this invention. When the vector also conuins an 
RN^'i)oii^erase proinoter'operably linked to the DNA molecule, the ribozyme can be 
produced in vitro upon incubation with the RNA polymerase "arid appropriate 
nuclfebtides. in a sepkrai^ embbdiment, the DNA may be inserted into an expiression^ 
5 cassette, stidi a^ described in Gotten and Bimstiei; £WBO j: 5(12):3861.3i66. 1989. ^ 
and ih^emiSfel et al;; B/iic;»m 25:492^ 4933; 1989. A more detailed discussion of 
molecular biology inethodologyis disclosed in S^^^^^ . , 

lxib<irdidf^MamiaKC6i<i^ 

•Diinng synthesis, the ribozyme' cari be modified by ligation to a DNA' 
1 0 molectile havVng the ability to stabilize the ribozyme and make it resistant, to RNase 
(Rossi et al.. PAahnac. m-r; 50:24S-254. 1991). Aitematively, the ribozyme can be ^ 
modified to the phd^phothib analog for use in liposome delivery systems. This 
. modtfidatidh also renders the ribozyme resistaii^ 

15 • ' VECTbRS . 

^ \ - Use of rib02ymes to treat abnormal smooth muscle cell proliferation 
involves ihtfbauctidn of fiiftctional ribozyme to the cells •"Merest. This can be 
accorttjjiisfterf by eiffi^r Syrlthesizing fiinctional ribozyme /» v/7rrt prior to delivery, or, by 
deUveiy^bf DNA capable bf driUng nSbz^ 
20 More specifically, within other aspects of the invention the ribozyme 

gene may be'cdristrticted vvithin a Vector wHich is suitable for introduction to a host cell 
{e.g.,'v^6mybm ^ eiikaryotii: cells in culture 6r in the c^iis oi^ an'organism). 
Apprbpriate^t)h)kar^tic^ ahd ^ica^btic e^ls ^ can be transacted witli 'an Jppropriate 
transfCT^A^ctbr wnlaihihr^^ acid molecuie''^ni:odihs a riboj:)^^^ of this 

25 inventionf- ■ ' . ^ ^ . 

r... :r To produce the ribozymes with a vector in v/w, nucleotide sequences 
coding for ribozymes are preferably placed under the control of a eukaiyotic promoter 
such is pbFm^(%- tftNA). CMV, SV40 late, or SV40 early promoters. Within certain 
embodiments^ thfe ^rorhbter may be a tissu^specific promoter iuch as, for^xample. the 

30 albumin prbtfebter an^ the alphafetoprotein pronfioter (Feuerman et al., K^oi. Cell. Biol. 
9:4204^12; 1989; Caif>per and Tilghman. Gchw Develop. 5:537-46. l989); the alcohol 
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dehy'drogenase promoter (Felder, Proc. NatL Acad, Sci USA 86:5903^01. 1989); the 
Apolipoprotein B gene promoter (Das et al.,. J. BioL Chem. 2di:l 1452:8, 1988); t^e ^ 
Coaguiatioa protease factor VII gene promoter (Erdmann et al., BioL Chem. 
270\ii9i%'96, 1995); the Fibrinogen gamma gene promoter ( Zhang et a!., 1 Bioi^ 
5 Che£ 270:24287-91, 1995); the Glucokinase gene promoter (Williams et al, Biocltem. 
Biophys., Res. Comm. 2 J 2:272-9, 1995); the Liver phosphofructokinase gene promoter 
(Uvanbn'et al., 5/oc>»eOT. Mol. Biol. Int. 35:729-36, 1995); the Phospho-Enol-Pyruvate 
Carboxy^kinase ("PEPCK") promoter (Hatzogiou et al, J. BioL Chem. 263: 17798- . 
808. 1988; Benvenisty et al., Proc. Natl. Acad. Sci. «d: 1 1 1 8-22. 1989; Vaulont"' 
10 et ai., Mol. Cell. Biol. 9:4409-15, 1989); or lymphoid-specific promoters. Ribozymps 
may thus be produced directly from the transfer vector in vivo. ^ ^ . , . . , 

A wide variety of vectors, may be utilized jvithin the: coritejct of tlje,,. 
present inventioh. inciuding for example, plasniids, viruses, retrptran^ppspns apd,. 
cosmids. Representative Samples include adenoviral vectors (e.jr-, WO 94726914; WO 
15 93/9191; Yei et al.. Gene Therapy 7:192-200, 1994; Kolls e_t al., P///4.'f 97(1|:215-219, 
1994;' kass-Eisier et aL. /'AU.V 90(24): 11 498-502, 1993; Guzman et al. Circulation, 
5*(6)^2M8-4i J993; 'Guz^ et al.. Or. Re.i, 7i{6): 1202-1 207, et al... 

Ceil 7j('2):2oV-216, 1993; Li et al.. Hum Gene Ther. -/(4):403-409. 1993; CaUlaud et 
al.,£«r. i>e«mvc/. 5(10): 1287- 1291, 1993), adeno-associajteid type 1 ("AAV,-r) or. 
20 adeno^associated' type2 ("AAV.2") vectors (.vtft' WO 95/13365| Jlp^te et al... ^NAS.. 
90(22): 106 13- 106 17. 1993). hepatitis delta vectors, live, attenuate^ d?^,af viry.ses and,, 
herpes viral vectors {e.g., U.S. Patent No. 5,288,641). as well as vectors which are 
disclosed vvithin U.S. Patent No. 5.166,320, pth(?r representative vectors include 
• retroviral vectors (e.g., EP 0 41 5 73 1 ; WO 90/07936; ^yO 91/02805; WQ _?4/03622; 
25 WO 93/25W; WO* 93/25234; U.S. Patent No. 5.219,749; WO 93/11230; \yO . 
93/10218). Methods of using such vectors in gene therapy are well known in the art, 
see, for example, Lanick, J. W. and Burck, K.L., Gu^c? '^f^PX- ..APPM'^'^9!^ °-f 
Moleciiiar Biology, Ehsvier Science Publishing Co., Inc., New York, Nesw York, 1991 
and KreigleK M.. Gene tramfer and Expression: A Lahoralory Manual, 
30 W.H. Freeman and Company. New York. 1990, 
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Further provided by this invention are vectors having more than one , . 
nucfeii: iciii molecule aicoding a ribozyme of this invention, each molecule under the . 
contfdi of a separate eukaiyotic promoter or alternatively: under tlie control of single 
eukafyati^ pnirtioter Representative examples of other iherapeutic molecules whjch 
5 may b^^elivei^%1he V^ors C)f th^ present invCTtiin include interferon (c.^., alpha, 
beta dF^yrna); as weU as a v/ide varitrty of other cytokines or growth factors. These 
vector!' fifovidrtfe advanta^ of providing multi-functional therapy against abnormal 
smobtfi musele^il proliferation, preferably with the various therapies working together 

in syiiergy. . ■ \, - • 

]0 - ' Host cells containing the ribozymes, nucleic acids and/or vectors 

described al&veajs& are Witi^£^ These host cells can be 

procaryotic cells, for example bacterial cells or eucaryotic cells, such as mammalian, 
humafV.^ tii, C)l^t6use «ljs; f Ke ho« cells transduce! with nucleic acids encoding the 
riboz^sif^^fefiirio^^ebori^antlypro^^^^ Thus, also provided by 

15 this iiiVfentibri ii a meihod fbr'prodiicing a ribozyme, /« vitro or m Wvo, the ribozyme 
being^^b^^hibit abnoiiiarsiriooth muscle ceil prc^ileratibn in vascular tissue. I>NA 
encoding^^R^Hliozj^eis^rovided to thee under the transcriptional 

control^ c^ ^Wi§ot6^ 6si^g' met4ds ^ell known to tiiose of skill in the art, See 
Samlrfb^i^*i"il.,'M^t»/i^ir^!r/d% A Lahoratory l^amaK Cold Spring Harbor 
20 LaboMbr^ li^S^); ihcoH-orlted'herein by' reference. The DNA is (hen transcribed in 
the ceifidVoai.*^ tfe Jibozi^e; When produced m v//r«. the ribozyine can be purified, 
orisolityMU^^^^^ 

J tCSSS' •.i-^tf:'"^ t - DELIVERY v vr ■ . 

25 -i''^'''%^n ce^n '^^^ 

acid mt^uies^liich encode the riboiyme. may be introduced imo a host cell utilizing^ 4 
vehicl^\>r% 'v^c>us'plpical nilthbds. Representative exanriples of such methods 
includ^^triihsfbrtnition usiiig cklciuni ' pho^hate precipitation (Dubensky et al., PNAS 
«7:752^-753j, 19841 direcit irij^ro^ of s^c^" nucleic acid molecules into intact 

30 target m'$^ei^:nat^e 352-815-8li 1991), and electroporaJion whereby ceHs 
suspended in' a conducting solution are subjected to an intense electric field in order to 
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transiently polarize the membrane, allowing entry of the nucleic acid molecules. Other 
procedures include the use of nucleic acid molecules linked to an inactive adenovirus 
(Cotton et al., 5P:6094, 1990), lipofection (Feigner et al., Proc. Natl. Acad. Sci. 
USA 84:1413-1 Ail, 1989), microprqjectile bombardment (Williams et a!., PNAS 

5 85:2726-2730, 1991), polycation compounds such as polylysine. receptor specific 
ligands. liposomes entrapping the nucleic acid molecules, spheroplast fusion whereby E. 
coli containing the nucleic acid molecules are stripped of their outer cell walls and fused 
to animal cells using polyethyleiie glycol, viral transduction, (Cline et al,, Pharmac. 
Ther. 29:69, 1985; and Friedmann et al.. Science 2-/^: 1275, 1989), and DNA ligand ' 

10 (Wu et al, J. of Biol. Chem. 2<5-/: 16985-16987. 1989). In one enribodiment, the 
ribozyme is introduced into the host cell using a liposome. 

PHARMACEimCAL COMPOSITIONS 
A;s noted above, pharmaceutical compositions also are provided by this 

15 invention. These compositions contain any of the above described ribp^es, DNA 
molecules, vectors or host cells, along with a pharmaceutically or physiologically 
acceptable carrier, exdpieiits or diluents. Generally, such carriers should be nontojuc to 
recipients at the dosages and concesptrations employed. Ordinarily, the preparation of 
such compositions entails combinipg.the therapeutic agem with buffers, antioxidants 

20 such as ascorbic acid, .low moleqular weight (less than about 1 0 residues) pplypeptides, 
proteins, amino acids, carbohydrates including glucose, sucrose pr^ dextrins, chelatmg 
agents such as EDTA, glutathione and other stabilizers and excipients.; Neutral buffered 
saline or saline mixed with nonspecific serum albumin are «cem^^ appropriate 

diluents. . , . . '- .• 

25 In addition, the phamiaceutical compositions of {he presept i^^^ 

may be/prepared for. adnunistration by , a. variety of difTerent routes, jnclu4ing, for 

example intraarticularly, intracranially, intradermally, intrahepatically, intrainuscularly, 

intraocularly, intraperitoneally, intrathecally, intravenously {e.g., into th^ poijal vein), or 

subcutaneously In addition, pharmaceutical compositions of the present invention may 

30 be placed within containers, along with packaging material which provides instructions 

regarding the use of such pharmaceutical compositions. Generally, such instructions will 
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include a tangible expression describing the reagent concentration, as well as within 
certiih^ embb'dim^nts, relative amounts of excipient ingredients or diluents («.g.. water, 
salirte W PBS) Which may bil nec«sary to reconstitute the pharmaceutical composition 

J THKRAPEunc Methods 

Methods of interfering with, preventing, or inhibiting abnormal smooth 
cell vas6ul4r tissue proliferation 6r restenosis are also provided by this invention. Such 
methods reciuirrcontaaihg the cell with an effective amoum of ribozyme of this 
invention or, alternatively, by transducing the cel. with an effective amount of vector 

10 havihg i nucleiic icld molecule encoding the ribozyme. Effective amounts are eas.ly 
detetrnined by those of skill in the art using well known methodology. When 
exogenously delivering the ribozyme, the RN A molecule can be embedded withm a 
stable RM A molecule or in another form of protective environment, such as a liposome. 
Alternatively, the RNA can be embedded within RNase-resistant DNA counterparts. 

15 Cellular uptake of . the exogenous ribozymb can be enhanced by attaching chem.cal 
groupVtO the DNA bnaV- 'such as cholesteryl moieties (Letsiiiger et al.. P.N.A.S.. USA., 

' in ahbther aspect of the invention, th^" target cell is transduced under . 
conditions^favoring Insertion 6f the vector into the tai^^ef cell ind stable expression of 
20 the nucleic icid encoding the ribozyme. The target celFcah include but is not limited to 
vascular smooth musde cells or 6^1s responsible for the^deposition of proteins involved 

in th^ fdiiliaSoh- bfexu^^ 

: ^ A^brdihgly^^ another as^^^^ 
inter^^ritigBtktjfiifiiN'aing ab^ * 
25 reacting the target RNA sequence with a ribozyme of this invention. Within the cell or 
withift ^^ eells^crf-^ir^ofganismfV transfer ^<^°'''"8 °' 

mor^^ibdzi^^ is transfected ini^;^a cell orcdlsusihg metftods described in Llewwl^ 
et ^, (imTm. Bioi:MU5-\2i and HanaHah et ai: 0^83) 16^:557-580, each 
incorpoi^tf Herein by^reference. Inside the cell, the tr^sftr vector replicates and the 
30 DNA codihg^^fb^' the' ribo^ine is transcribed by ceSlulkr polymerases to produce 
ribozyiiies wfiich then ir^ctWate factors responsible for abnormal smooth muscle cell 
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proliferation, abnormal extracellular matrix deposition and restenosis. 
Micromanipulation techniques such as microinjection also can be ujed to insert the 
vector into the cell so that the transfer vector or a part thereof is integrated into the 
genome of the cell. Transcription of the integrated material gives rise to ribozymes 

5 which then inactivate the target proteins. As used herein, the term "inactivate" is 
intended to mean interfere with the production of the protein products such as those 
discussed above (e.g,, c-myc or TGFrp). ^ , , . 

An alternative method of inhibiting abnormal smooth muscle cell 
proliferation in vascular tissue consists of introducing into a cell an effective amount of 

10 DN>\ encoding a ribozyme described above, under conditions favoring transcription o^^^^^^ 
the DWA to produce the ribozyme. This method also is useful , to jjrevent a^^^^^^ 
SMC and abnormal extracellular matrix deposition and thus prevent restenosis. The _ 
DNA caji be transferred in a carrier or in a vector in a carrier a number of ways. ^^^^^^ 
example* the DNA can be administered by transluminal delivery to the vascular wall, or 

15 exoluminally. In another aspect, the active DNA can be embedded in a biodegradable 
polymer or sphere and administered by vascular, stent. Alternatively, it can be delivered 
in a pleuronic gel. : ^ ^ 

r Also-provided by this invention is a method of inhibiting or iprevent|ng 
abnonnal : smooth W cell proliferation in vascular tis^u^^ subject (eg,, a warm- 

20 blooded animal such as a hijman) comprising the;Step. of ^ministering to th^ subject^an 
effective amount , of a ribozyme having the ability-Vb inhibit afenbrmal smooth" muscle cell 
proliferation in vascular tissue: The ribozyme is delivered to the smooth muscle cell 
exoluminally, transluminally, by stent, by a biodegradable polymer or sphere or in a 
pleuronic gel. > ■ ' - ^ - 

25 r ^ ■ The; following examples are dffbfed l)y way of illuistmiorn 2^ by 

way of limitation. * . ' ' 
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FYAMPLES 



- CRITERlAFORWBOZYMESrreSELECTlON 

5 ■ " 

A. ^-■'■^i"" '^^'^ for Htiirrin mtwCTHS . . 

• "■^'^^ 

f„ «. ^ *e ^ invention ar. provided w«eh recosni. ,h. «o».ng 

^"'■S ii C ir U The sequence GUC must be conserved fo .11 tarpm^ 
S^i^^W„w:*e.nu.e.&s(."a;uni^^^^ 

iSs^e Of Sequence co„s»^.ion . «"«VSf ^J^^^: 

,5 ,UnSinsto&-™-8en=s.rep-o^^^^ 

. . -■■ .i - . ; ■ TaWe'l'' ■ ■ ■ ■ ■ 

Hairpin Ribozyme Recognition Sites for cdc 2 kmase 




20 



Hairpin Ribozyme Recognition Sites for Cyclm B 1 




25 



wo 97/10334 



PCTAJS96/X4838 



15 



Tabic 3 

Hairpin Ribozyme Recognition Sites for PCNA 





SEQUENCE (5" Id 3">: 


I.D. No. 


:'• 18 


GCCT6GTCCAGGGCTC 


15 


■■ 125 ■ 


GACTCGTCCCACGTCT ; ■ 


16 


r 158 .. 


tT6CG(3TCTGAGGGCT ' 


17 


: 867 


TTTCT6TCACCAAATT 


■i- 18 


Table 4 

Hairpin Ribozyme Recognition, Sites for Lysyl Oxidase 


NUCL. POS. 


SEQUENCE (5- 10 3') 


I.D. No. . 


' 225 v.-,-; 


>CCGCCGTCCCTGGTGC : - ; 




1 ■33^" ': ' 1 


CT6GAGTCACCGCTG6 • . . 


20 ■■■ 


564 


CGCCCGTCACTGGnC ..T . . ' 


21 


I 631 


:gtac6Gtctcccagac . : ... 


22 , 


• 671 , 


CAGGCGTCCACGTACG - v. 


■■■■ 23 


736 


aaactstctggccagt 


24 


970 


TnCTGTCTTGAAGAC 


25 



10 B. Selection of Cleavage Sites for Hamm erhead Ribozvmes 

- Hammerhead ribozymes suitable for use within the present invention 
preferably rjecogrfi4^|>*^'sequence NUX, wherein N is kny of G..U, C, of A and X is C, 
0, or A. ReprWentative hammerhead target sitesi^^^ 



15 



L . Hammerhead Ribozyme Recognition Sues fbrcde^ 



NliCL. BOS.. 


. . SEQUENCE {5* to 3') 


M.D.No: 


81 


TACA6GTCAAGTGGTA . 


26 


159 


AAATTTCTCTAnAAAG 


27 


195 


AGTCAGTCnCAGGAT . 


6 


532 


CTGGGGTCAGCTCGn .... ...... 


, . • 8 
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Table 6 

Hammerhead Ribozyme Recognition Sites for Cyciin B 1 



NUCL. POS. 


. SEQUENCE (5' io.3') 






TCCGAGTCACCAGGAA . : > • .. . . 


9-r-L. '.'■^^ ■ 


w 283 ■ 


CCAGTGTCTGAGCCAG 


..: 10 ■ 


; 429 • 


CCTGTGTCAGGCinC 


...11. . ■ 


• 560 


AAGCAGTCAGACCAAA 


- - 12.. 


; 582 ; 


ACTGGGTCGGGAAGTC • •. . . 


■ 13 


680 


T6ACTGTCTCCATTAT 


14 




Table ? ' 




Hammerhead Ribozyme Recognition Sites for PCN A 


NUCL. p6s.= 


.'SF.OUENCEfS'toa') 


l.D.No. - 


I " 2(y ' w 


GCCTGGTCCAGGGCTC ■■■ ■ - 


0 15 




GACTCGTCCCAC6TCT ^ ... 


■ ■ .16. . . /{:. 


. i 160 ;• 


CTGCGGTCTGAGGGCT - 


17 


I 869 


TTTCTGTCACCAAATT 


18 



10 



Table 8 

Hammerhead Ribozyme Recognition Sites fot^Lysyl Oxidase 



NUCL. POS. 


.SEQUENCE (5- 10 3') 


I D. No. 




CC6CCGTCGCTGGTGC 


19 


335 


CTGGAGTCAGGGCTGG . ; 


. 20 ; ■• 


366 


CGCCCGTCACTGGTTC 


21 


633 


GTACGGTCTCCCAGAC . 


22 


673 


CAGGCGTGCACGTAC6 .. 




732 


AAACTGTCTG6CCAGT 


24 




•TTTCTGTCnGAAGAC ';. . ... 





15 



■■■■ EX AMPLE 2 
■...CONSTRUCTION OF HAIRPIN-RIBOZYMES 



Two single-Stranded DNA oligonucleotides are chemically synthesized 
20 such that, when combined and converted into double-stranded DNA, they conuin the 
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entire hairpin ribozyme, including nucleotides complementajy to site. In 

addition, restriction enzyme recognition sites may be placed on either.end to facilitate 
subsequent cloning. Mpre spe^fically. the plisonu^^ 

converted' to dou'bje-str^ndal DNA.using either Klenow D|^A poljmeras^ or Tag DNA„„ 
polymerase! ' The resulting DN A is cloved with rMtrirtipn en^es jVflwJ.v ,• 

purified and cloned into vectors for m y;»:Q transcription (pGEM. ProNlega. Madispn, , 
Wis.) or for retrovirus production and . mammalian exprwsipn (pL,>n-^vOT 
Representa^ve haiipin ribo^es are set forth below (note that the underlined sequ^ce^,,; 
indicate the sites wherein the ribozyme binds the target sequence): 

cdc-2 530 (Sequence I.D. No. 28] 
5' 



CyclinBr,281 . ,. (Sefluenqe ,l,D.,vNo^ 
15 5' CTGGCTCM (^CfGGACCAGAGAMCACACGTTGTGGTATATTACCTGGTA 3' 

Lysy 1 Oxi dase 333-,, , , , -CSeqVTO ; ^ • "^^^^^ 

5' CCAGCGGTA GAACCAGACCAGAGAAACACACGTTGTGGTAtATTACCTGGTA 3'. 

20 , PCNA 158 (.S^QHf^ce J;^0- 

•:5' 



Defective ribq^es for use as cpntrols ma^^ 
above, whii the exceplipn that the sequenpe ^ i?^ changed ;o ^ U^q^. ^ .s^^ %r 
25 Figure i- . ' ■ -h-";- ■^^-^\- 
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FVAMPLEB ^ r^: -i^v 

• ' CONSTOUCTON OFHAh^^AD'^^ 

chemicaiiy ^hth^lzia fbrt^t seqi^cn^s^of the 

Figures'6"ind 7.) ' In additi6rt: ^e^fbllbwh^' l^ii' h^r^^ 



10 



cdc-2 532 (Sequence I. D. No. 32) ■ 
. 5- MCGAGCT CTGAT&CCTCGTGAGAGGGAMC^C^ 

Cyclin Bl 283 (Sequence I.D. No. 33)^ 
15 5- CTGGCTCA CTGATGACCTCGTGAGAGGGAAACpGG 3'^^^ , 

Lysyl Oxidase 335 (Sequence I-O-^ No, 34) 
5- CCAGCdGlCT^ATGkCTCGTGA\^^^ 



20 



PCNA 160 (Sequence I.D. No. 35)^ -. r , ! .. 

5" AGCCOWCTGATGAtesTGAd^^^^ 

A scrambled sequence pdiynucleotide including the same compos^^ 

25 as a coiitrSi^Wilh^o^i^aiyii^^ctiVi^: iijjb^ map^ utfl&d to fee the uptak^ 
of ribozymc into the cells. 
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EXAMPLE 4 

Construction of Ribozyme Mammalian Expression Vectors 

Vhsmid pUn (Yu et ^l, Proc. Nat1 Acad ScL USA 90:6^^^ 
5 1993), which contains the anti-U5 HIV ribozyme driven by the iRNA"* RNA pol III 
promoter,, is digested with Ba/wHl and Mwl, and the vector purified from the ribozyme 
fragmenl. The hairpin ribozymes, as described above, are excised from the pCJem vector 
with BarnVn and A//?/l, purified, and ligated into the empty pMJT.:yector. The resulting 
vector is dtesignated pLNT-Rz (see Figure 1), and contains the Mplon^y LTR driving the 
10 neomycin resistance gene and the tRNA"' KNA pol III promoter driving expression of. 
the ribozyme. 

EXAMPLE 5 
Construction of Adenoviral Vectors 

15 • , ' . ... ... . . 

A. Construction of an adenoviral vector expressing P-eala ctosidase as. a reporter 

genefAvCLacZy . ^ 

As described in more detail below, a shuttle plasmid pAyCLap?! required . , 
for generation of adenoviral vectors (AV). Briefly, pAvCLacZ, a pBR322-based 

20 plasmid was constructed that contains: nucleotide base (nt) M52 of the Ad5 genome 
(Gehebank accesipn no. M73260), a reporter expression cassette consisting of the 
constitutive CMV immediate early/gene enhancer ^nd promoter splicing donor and 
acceptor signals (from pCMVp, Cloniech), £ coli fl-galactosidase gene (lacZ), fnd. 
SV40 poly A, as well as ,nt 3328: - 5788 of the Ad 5 genome as a homologous 

25 recombination fragment. The reporter in this plasmid caLn be replaced w:ith any gen? of 
interest such as hairpin ribozyme gene for human pCNA or CDC2, kinase mRNA. 
Recombinant adenoviral vector is generated in 293 cells co-transfected with the pAV 
shuttle plasmid ^nd pJM17 (Bicrobbc Biosystems, Ontario, . Canada). The AV plaques 
on 293 cell monolayer were selected, checked for genomic organizaiioii, and plaque- 

30 purified for at least two more times as performed rourinely ( Yei et aL, Human Gene 
therapy 5:731-744, 1994), The resulting adenoviral vector is designated AvCLacZ. 
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AvCLacZ was propagated in 293 cells and purified as described elsewhere (Yei et al., 
Hvman Gem Therapy 5:m-14A, 1994). The adenoviral vector preparations were then 
titrated and used for traiVsductibn efficacy and ioxicity studies. Reutinely. titers of 
recombinant Av vector preparations are between lO" and lO'^ pfu/ml as measured by 
5 plaqiic Wsay ori 2^3 cidls. 

B. ■ ftenferatibri'of ^Hi^fioviral vect b rc «ti«t pypr^ss hairpin ribbzvime genesipecific for 
jnar fivatinn of hiiman PCNA or r,Hc2 kinaSfe Rene.. . 
> "k^conibirtint replicatroh-deficiem (El deletion) adenoviral vertors (Xv)- 

10 contilhiiig ribbzytne gelifes Specific for th^ tw6 targets of restenosis (huniaK'PCNA and 
cdc2'kihase ritRNA) wcr^ tbnstmcted by homologous recombination of shuttle piksmid 
(pAvCRz; Figure 3) with pJM17 (Bicrobix Biosystems. Ontario, Canada). The shuttle 
plasmid described above, pAvCLacZ. comprises the following elements: (1) Ad5 
' sequence M52 (Genebank accession no. M73260; containing the left inverted terminal 

15 repeat, encapsidation signals and the Ela enhancer), artificial Xhal. 5amHl and Xhol 
sites, (2) CMV immediate/early gene promoter and enhancer (from pCMVP expression 
vector;^tl6t«^h; Bolhart et ah/V^^ 

sites, SV40 splice donor/splice acceptor sequence (from pCMVp expression vectbr, 
ClonM);^^«ai niul^liie ^^^^^^ include 5^iHi: Ascl,. 

20 Mjrt^Ba^Hl sife in \ cbntiguous arrang^ent, S V40 poiyadenylation (fi^or^ P^^ff^f 
expre^if^ec^ Cfloniechi artificial BM SaW and C^l sites; and (Sj^an A^ 
sequence' used for holnoid^^ recombina'tion (Ad5 sequences 3328-5788). Specific 
ribozl^iife .^i^^ (i&li^ies f and 2) were clonb(i1nt6 the siiuttle plasmid via the 

Bgin aHd Xsd'cioniiig sit«^^ ^. 

25 - -'293 belli we«^ b6-trai&ci6d with both the shuttle plasmid |JM17 

using C^Oi or lipbfeclinmethdd: ^fecombinant adenoviral v^ectors formed plaqbs-^nd 
were 0^ friitn m irahsfeaecr2^3 monblayeb: the resulting A Vjere further 
plaque^urifi^ ibf at l4ksi 2 mbre.times as perfornied routinely (Vd et al. WmmGene 
Ther(^'5^i\-nM:'\9^^^'>^ were prbpigated in i93 cells and CsCl-punfiea to high 

30 titer prepsrittbri before mluatth^^ 
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EXAMPLE 6 . ;. /. .. 

' 7 In Vitro Cleavage Assays . . . 

5 ' Hairpin rifedzymes arei' cloned into ih vitrd transcription vectors ' 

(pGEM-7Z, ProMega,' Madison, Wis.) and transcribed m vitro by T7 kNA polymerase. 
FoUpwing transcriptloh, reactions are treated with DNase arid the ri^joz^ 
by denaturing polyacryJamide gel .electrophor^ssis. Sitib^trates arg then transcribed in 
v/Yro/:in the presence [a"^2p]UTP and purified by denaturing;, polyacrylamide gel 

10 electrophoresis, The />; vitro cleavage reactions are came nM 
ribozyme with 200 nM substrate at 37°C for 0 to 60 minutes in 12 mM MgCl2/2 mM 
spennidine^40 mM Tri^^^ 7.5. Reactions are terminated by the addition of 

loading buffer (7 M urea^romophenol blue/xylene cyanol). Products of the cleavage 
reactions are resolved by electrophoresis on 1 5% acrylamJde/7 M urea gels and analyzed 

15 by autoradiography. ; . : 

■ '^^^ EXAMPLE? ....... 

/A^ K/r<9 Use OF RJBozYMEs 

20 A. Experimental Protocol . ... . . * 

All animals are treated according to the guidelines of the Americ^^^^^ 
Physiologicai Society. " Briefly, a #2 Fr fbgarty catheter is used to induce vascular mjui^ 
in male'§pr2Lgue-D^^^ rats (400 to 500 g in weight). The rats are anesthetized and a 
cannula IS introduced into the ief\ common carotid artery via the external carotid artery. 

25 The common carotid artery is then injured by pulling the inflated fogarty catheter 
through It 3 times. A total of lOO animals are studied and divided into 6 different 
groups: 
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Table 9 



Group 1 


(n=20) 


balloon injury alone. . : — . 


Group 2 


(n=l5) 


balloon injury fdllowed by infusion of saline through an isolated 
segment. 


Group 3 




balloon injury follo>ved by local adniinistration of .CPC2 kinase 
ribozyme. , . . . . . 


Group ^ 


(IF=12) ' 


balloon injury followed by local delivery of ribozyme to PCNA. 


Groujj 5 




b^iooh injury iFoilowed by adifninistration of scrambled seque:nces 
of nuclebtides resembliilg CDC2 Kiifiasje and PCNA ribozyrnes; ' : 


Group?6 ^ 


:{ti+12> . 


^balloon injury followed by local administration of a combination 
of GPC2 kinase and PCNA ribozyrnes. 



After vessel injury of the common carotid artery, the injured segment is 
5 transiently isolated by temporary ligatures. Briefly, two hundred microliters of a 
combination of lipofectin and hammerhead ribozyme (40 ^g) are incubated in the 
isolated segment for 1^ minutes. After the 15 minute incubation, the ligatures are 
removed. The external carotid artery is ligated and blood flow is restored in the 
common carotid and the internal carotid artery. The skin wound is then repaired and the 
10 animals are transferred to their cages. The animals are then euthanized at 2 weeks and 
artery is harvested. It s perfusion fixed in formalin and sent for histopathology. 

The histopathology sections are then subsequently analyzed by 
quantitative histology. Using computer facilitated planimetry, the lumen area, area of 
the intima and area of the media are measured and intimai area to medial area ration is 
15 calculit<ea. All values are expressed as mean ± standard deviation and meari ± standard 
errors of mean. X statistical comparison for each of these parameters is performed 
between all the groups. 

kesults of the quantitative histology are shown in Figures 4 and 5 and 
summarized in Table 10. Briefly, both the cross-sectional area of the intima and the 
20 ratio of the intimai area to medial area were significantly reduced in the ribozyme treated 
arteries compared with those treated with scrambled-sequence polynucleotides or with 
normal saline. The intimai hyperplasia was inhibited by the CDC-2 kinase ribozyme, the 
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PCNA nbozyme and their combination, the combination did not seem to have any 
additive effect. . 

Table 10 





NU. 




TNT 


I/M 
















MEAN 


13.50 


6.83 






STDEV 


4.47 


0.34 












Bl+NS 


8 


MEAN 


17,74 


. •- 1.09, 






STDEV 


6.52 


0.42. 












Bi+RZl 


18 


MEAN 


8.37 


■" ■ 0.^^' 






STDEV 


■ 5.04 


■■'■"^.24 












Bl+SCR 


19 


MEAN 


: 13.24 


0.92^ 






STDEV 


. 4;43 


. , 0.26 












B1+RZ2 


10 


MEAN 


7.21 


0.43 






STDEV 


3.87 


0.24 












Bl+RZOom 


10 


MEAN 


6.218783 


0.41197 






STDEV 


i:'875044 


6:141841 



B. ' Additional Assays - ■ 

1. Tissue Culture Protocols 

10 Smooth muscle cells (SMC) are isolated from rat aorta and maintained in 

DMEM medium and 10% FBS. MTT assay- This is a quantitative colorimetric assay 
for cell .proliferation and survival. Rat SMC*s (pas^s^ge 4-8) are seeded into 96 v^ell 
plate (1500 cells/well) one day before treatment. Cells are then treated with 2mM of 
CDC-2 ,kiii,ase/PCNA ribpzyme and 4mM lipofectin for 1 hour. A second dose of 

15 ribozyme (4mM) is added on day 2. On day 3, lOmL of MTT is added into each well 



...... 
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for 4 hours. The dye in the cells is extracted i" DMSO after washing off any 
superiiatant dye from the well. The OD is measured with microplate reader at 590 ipM 

The MTT assay using PCNA ribozyme demonstrates significant 
inhibition of cell proliferation in ceir culture as measured by uptake of MTT in 
5 comparison to scrambled sequence treated cells and control cells. 

2. Oyantificatio n of mRMA 

SMCs (4-8 passage) are seeded into culture dish one day prior to 
treatment. RNA is extra6ted from the cells after treatment with ribozyme. scrambled ' 
1 0 sequence polynucleotide, 10% FBS or serum free medium for 2 or 6 hours. RT-PCR is 
. then performed utili4ng RNA-PGR kit from Perkin Elmer. An appropriated primer 
sequence for CDC-2 kinase or PCNA is used for analysis. Abeta-actin pnmet is used to 
ensure that the amourit of RNA loaded 3n each W^ll is approximately ?qual. : 
RT-PCR studies using CDC-2 W^^^ 
15 CDC-2 kinase mRNA at 2 hours and further reduction at 6 hours in comparison to 
controls. To ensure that equivalent amount of RNA is loaded in each well, RT-PCR is 
performed using a primfet for beta-actin which shows s^m^la^jevels. of beta.actin mRNA 
in each group. . 

20 3. Prnfein Expression 

Three ty^es of protein assays may also be accomplished. Including 
a) Western blotting; bJBiosyrithetlc labeling with 35$, labded inethionine followed by 
immuiioprecipitation of radiolabelled protein as a measure of newly synthesized target 
protein; and c) Histone HI kinase assay for CDC-2 kinase. The HistOne ttPkihaie 

25 assay is a functional assay for CDC-2 kinase and measures the amount of p32 labeled 
phosphate transferred from ATP to Histone HI . 

4. AntiuPCNA and CDC2 We stern Blotting 

Cells were lysed^ by bbiling in I x^ SDW sariiple ^'bufFeir; Prmein 
30 concentration of the cell iysate was deterinined Bradford assay (USB). Next, 25 ug 
of total protein was loaded onto 14% Tris-glycine gel (Novex) and separated frbni eiach ' 
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Other by electrophoresis. The protein gel was then semi-dry transferred to PVDF 
Immobilon membrane (Millipore). Amido black stain and photograph were performed 
to verify equal protein loading. The membranes were blocked with 5% milk and 
incubated with specific primary antibody (anti-rat PCNA mpnddonar antibbay^ 

5 Immunbtech, or anti-human cdc-2 monocloqal aju^^ |n 5^ 

milk/ IXPBS for 4 hours room temperature. Tlie blots were washel^ Ix 
PBS/ 0.05% Tween-20 and incubated with HRP-conjugated goat anti-mouse IgG 
(Chemicon) for 1 hour. The blots were then developed via ECL (Amersham) and 
exposed to film. PCNA produced a 36 kD band, whereas cdc2 kinase produdeS a 34:kI3 * 

10. band. ^ .r •-■o'. ^ c-. 

■ From the foregoing, it will be appreciat^-tHat/_^ a^^^^ 
embodiments of the invention have been described herein for purposes of illustration, 
various modifications may be made without deviating from the spirit an4 scope of tte 
1 5 invention. Accordingly, the invention is not limited except as % the ap^j^nde^^^ c|aims.> 
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SEQUENCE LISTING 



(1) GENERfL IN.FQRf^TION:.. 




( i ) APPbf GANT: IrrmusoT . Incdf porated 



^^ ) TITLE .OF INVENTION: ' RIBOZVME THERAPY FOR' THE TREATMENT 



AND/Oft PREVENTION 'OF RESTENOStS 



<■'■ 



( i i i) Nl>lBER OF SEQUENCES : . 35 



Civ) CORRESPONDENCE ADDRiSS: ■ 

(A) ADDRESSEE: SEED and BERRY LLP 
.(B) STREET: 6300 Columbia Center. 701 Fifth Avenue 
(C) CITY: Seattle 
CD)..STAT^;.Wa.shi,ngtO0:;:, .t.. ■ 
(E) COUNTRY: USA 
:(.(-y,.2|p;- 98];04^70'92 * ' - ' 

(V) COMPUTER READABLE FORM; ... ,.: ......... .., 

(A) ■J^EoruM'TVPE": Floppy 'disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-OOS/MS-DOS 

(D) SOFTWARE: Version #1.30 

(vi) CURRENT APPLICATION DATA: . - 

(A) APPLICATION NUMBER: 
(8) FILING DATE: 12rSEP-1996 
(C) CLASSIFICATION: 

(viii) ATTORNEY/AGENT INFORMATION: 

(A) NAME: McMasters, David b. 

(B) REGISTRATION NUMBER: 33.963 

(C) REFERENCE/DOCKET NUMBER: 480124. 40201PC 

(ix) TELECOMMUNICATION. INFORMATION: 

(A) TELEPHONE: (206) 622-4900 

(B) - TELEFAX: (206) 682-6031 



(2) INFORMATION FOR SEQ ID N0:1: 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 14 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID N0:1: . 
NNNBNGUCNN NNNN 

(2) INFORMATION FOR SEQ ID N0:2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID N0:2: 
NNNBNGUCNN NNNNN 

(2) INFORMATION FOR SEQ ID N0:3:'. 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 base pairs 

(B) TYPE: nucleic acid . 

. (C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID N0:3: 
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NNNBNGUGNN NNNNNN 

(2) INFORMATION FOR SEQ ID N0:4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID N0:4: 
NNNBNGUCNN NNNNNNN 
■ (2) INFORMATION FOR SEQ ID N0:5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID N0:5 
NNNBNGUCNN NNNNNNNN 
(2) INFORMATION FOR SEQ ID N0:6: 

. (i) SEQUENCE CHARACTERISTICS: . 

(A) LENGTH: 16 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



wo 97/10334 



29 



(xi) SEQUENCE DESCRIPTION; SEQ ID N0:6: 
AGTCAGTCTT CA6GAT :, 
(2) INFORMATION FOR SEQ ID N0:7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 base pairs 

(B) TYPE: nucleic acid 

(C) STRANOEDNESS; single 
(D.) TOPOLOGY: linear 



. (xi) SEQUENCE DESCRIPTION: SEQ ID N0:7 
TCCTGGTCAG TACATG . 
(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 base pairs 

(B) TYPE: nucleic acid 

. (C) STRANOEDNESS: Single 
(0) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID N0:8 
CTG6GGTCAG CTCGTT 
(2) INFORMATION FOR SEQ ID N0:9: 
(i) SEQUENCE CHARACTERISTICS: 
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(A) LENGTH: 16 base pairs 

(B) TYPE: nucleic acid 

(C) STRAN0EDNES5: single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID N0:9: 
TCC6AGTCAC CAGGAA 
(2) INFORMATION FOR SEQ ID NO: 10: 

( i ) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 16 base pairs 

(B) TYPE: nucleic ac<id 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION; SEQ ID NO:10: 
CCAGTGTCTG A6CCAG 
(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear. 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11 
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CCTGT6TCAG 6CTTTC ■ 

(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID N0:12 
AAGCAGTCAG ACCAAA 
(2) INFORMATION FOR SEQ ID N0:13: 

(T) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13 
ACTGGGTCGG GAAGTC 
(2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
(0) TOPOLOGY: linear 
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(xi) SEQUENCE DESCRIPTION: SEQ ID N0:14: 
T6ACTGTCTC CAHAT 
(2) INFORMATION FOR SEQ 10 NO: 15: 

,( i ) SEQUENCE CHARACTERISTI CS : 

(A) LENGTH: 16 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(xi). SEQUENCE DESCRIPTION: SEQ ID NO: 15: 

GCCTGGTCCA GGGCTC 

(2) INFORMATION FOR SEQ. ID N0:16: 

. (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



. (xi) SEQUENCE DESCRIPTION: SEQ ID N0:16 
GACTCGTCCC ACGTCT 
(2) INFORMATION FOR SEQ ID.N0:17: 

( 1 ) SEQUENCE CHARACTERISTICS : 
(A) LENGTH: 16 base pairs 



wo 97/10334 



33 



(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY-: linear 



. (xi) .SEQUENCE DESCRIPTION: SEQ ID N0:17: 

CTGCGGTCTG AGGGCT 

(2) INFORMATION FOR SEQ ID NO: 18: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 base pairs 

(B) TYPE: nucleic. acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID N0:18: 
TTTCTGTCAC CAAAH .. 
(2) INFORMATION FOR SEQ ID N0:19: 

(i) SEQUPCE CHARACTERISTICS: 

(A) LENGTH: 16 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



• (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19 
CCGCCGTCCC TGGT6C 
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(2) INFORMATION FOR SEQ ID NO: 20: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 base pairs 

(B) PfPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID N0:20: 
CTGGAGTCAC CGCTGG 
(2) INFORMATION FOR SEQ ID NO: 21: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID N0:21 
CGCCCGTCAC TGGTTC 
(2). INFORMATION FOR. SEQ ID N0:22: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 base pairs 
(8) TYP£: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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(xi) SEQUENCE DESCRIPTION: SEQ ID N0:22: 
GTACGGTCTC CCAGAC 
(2) INFORMATION FOR SEQ ID N0:23: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: Single 
■ (D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID N0:23: 

CAGGCGTCCA CGTACG 

(2) INFORMATION FOR SEQ ID NO: 24: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 base pairs 
■ (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID N0:24 
AAACTGTCTG 6CCAGT 
(2) INFORMATION FOR SEQ 10 N0:25: 

(i) SEQUENCE (CHARACTERISTICS: 

(A) LENGTH: 15 base pairs 

(B) TYPE: nucleic acid 
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(C) . STRANDEONESS: single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION:. SEQ ID N0:25: 
TTTCTGTCTT GAAGAC 
(2) INFORMATION FOR SEQ ID NO: 26: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEONESS: single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ 10 N0:26: 
TACAGGTCAA GTGGTA 
(2) INFORMATION FOR SEQ ID NO: 27: 

( i ) SEQUENCE CHARACTERI STICS : 

(A) LENGTH: 17 base pairs 

(B) TYPE: nucleic acid ■ 

(C) STRANDEONESS: Single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ 10 NO: 27 
AAATTTCTCT ATTAAAG 
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(2) INFORMATION FOR SEQ ID N0:28: 

(i) SEQUENCE CHARACTERISTICS; 

(A) LENGTH: 52 base pairs 

(B) TYPE: nucleic acid 

(C) , STRANDEDNESS: Single 
(0) TOPOLOGY: linear 



. (x1) SEQUENCE DESCRIPTION: SEQ ID N0:28: 
AACGAGCTAG AACCAGACCA. GAGAAACACA CGHGTGGTA TAHACCTGG 
(2) INFORMATION FOR SEQ ID NO:29:. 

(i) SEQUENCE CHARACTERISTICS: . .,, . . . 

(A) LENGTH: 52 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID N0:29: 
CT6GCTCAAG AACTGGACCA GAGAAACACA CGHGTGGTA TAHACCTGG TA. 
(2) INFOFtMATION FOR SEQ 10 N0:30: ■■' ■ ' 

(i) SEQUENCE CHARACTERISTICS: 
(aV LENGTH: 52 base pairs . 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
. (0) TOPOLOGY: linear. 



y 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 30: ' 
CCAGCGGTAG MCCA6ACCA GAGAAACACA CGTTGT6GTA TATTACCTGS TA V"" "' ; 5?'" 
. (2) INFORMATION FOR SEQ ID NO: 31: .;'-'v.Jir 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 52 base pairs 

(B) TYPE: nucleic acid 
(C> STRANDEDNESS: single 
(D) TOPOLOGY: linear 



. (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 31: 

AGCCCTCAAG AAGCAGACCA GAGAAACACA CGTTGTGGTA TATTACCTGG' TA' / .. "S? 

(2) INFORMATION FOR SEQ ID NO: 32: - 

(i) SEQUENCE CHARACTERISTICS: • ' 

(A) LENGTH: 37 base pairs 
. (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID N0:32: 
AACGAGCTCT GATGACCTCG TGAGAGGGAA ACCCCA6 ' ' • ' ; ,. ' 37- 

(2) INFORMATION FOR SEQ ID NO: 33: 

, (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 37 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
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(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION^ SEQ 10 N0:33: 
CTGGCTCACT GAT6ACCTCG TGAGAGGGAA ACACTGG 
(2) INFORMATION FOR' SEQ ID NO: 34: 

(i ) SEduEi^tE CHARACTERISTICS: 

(A) LENGTH: 37 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single .. 
(OrfOPOLOGY: linear. 



(xi) SEQUENCE DESCRIPTION: SEQ ID N0:34: 
CCAGCGGTCT GATGACCTCG TGAGAGGGAA ACTCCAG 
(2) INFORMATION FOR SEQ ID N0:35: 

Ci) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 37 base pairs 

(B) TYPE: nucleic acid 
'(GXiSTRANDEDNESS: single 
(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ. ID N0:35: 
AGCCCTCACT GATGACCTCG TGAGAGGGAA AtciicAG 
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Claims 



We claim: 

1. A hairpin or hammerhead ribozyme having the - ability to inhibit 
abnormal smooth muscle cell proliferation in vascular tissue. 

2. The ribozyme ofclaiml. wherein the ribozymehas the ability to inhibit;^ 
the activity of a growth factor responsible for abnormal smooth muscle cell prplifer^on in 
vascular tissue. 

3. The ribozyme of claim 1. wherein the riBoryme inhibUs the activity of 
cdc2-kinase, PCN A, Cyclin B I or Lysyl Oxidase. 

4. The ribozyme of claim 2, wherein the ribozyme specifically cleaves a 
protein responsiblefo^the production ofan extracellular matrix protein.^^ . , 

5. The ribozyme of claim 1, wherein /th^; ribozyme has thfe lability to 
prevent abnormal deposition of extracellular matrix in vascular tissue. 

6. . A nucleic acid molecule encoding the ribozytne bf tlainn 1 : 

7. Themideicacidmoleculeofclaim6,whereinthemicleic^acli«^ 

orcDNA. 



8. The nucleic acid molecule of claim 6. under the control of a promoter 
to transcribe the nucleic acid. 

■ 9- A host cell comprising the nT)0zyme.qf(;lwm 1,,,. . 
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io. A vector comprising the nucleic aci^d of cla^^^ , ;. ; ^ ^ 
n . A host cell comprising the vector of claim 10. 

12. The vector of claim 10, wherein the vector is a plasmid, a vims, 
retrotransposon or a cosmid, 



an 



13? Thevictor pfclim 12, wh«^^^^^ 
AAV. . : . 

14. A host cell stably transformed with the vector of claim 13. 
■ ^15; ' Thehost'cell ofclMm.^ 

16 A method for producing a ribozyme, the ribozyme being able to inhibit 
abnormal smooth muscle cell prplifcratipn in >^sa.|ar tissue, ppntprj^g^ prpyi^iing D^A 
encoding the ribc^^un^J^ t^^^ of a^prom(Mpr. tr^^^^^ 

to produce the ribozyme. 

17. The method of claim 16, wherein the ribozyme is produced in vilro. 

18. The method of claim 17, fiirther comprising purifying the ribozyme 

produced. 

19. The method of claim 16. wherein the ribozyme is produced /// vivo. 

20. A method of inhibiting abnormal smooth muscle cell proliferation in 
vascular tissue, comprising introducing into a cell an effective amount of the ribozyme of 
claim 1 , 
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21. A method of inhibiting abnormal smooth muscle cell proliferation in 
vascular Ussue. which comprises inti^ii4lrit6^jle ceil an efieaiW am^ DNA of 
daim6undercondilionsfavoringtranscriptionoftheDNAtoproducetheri 

22. The method of claim 20 or 2 1 , wherdn the cell is a human cell. 

23. A method of preveming abnormal smooth muscle cell proliferation in 
vascular tissue, which comprises introducing into the ceU an effedive amo^^^ DNA of 
claim 6 und^ ci^naitilihi^i^oring H to produaeUe ribozyme. 



24. The method of claim 23. wherein the cell is a human ceU. 



25. A method of inhibiting or preventing abnonnal smooth m^^^^ 

proliferation in v^iulS^'tiijk^ln^i'sii^cV^^^ 

effective amount of the. ribozyme of claim 1. ^ 

' m ' Tfte"hie(hca claim^^^^ 
sm^ooth musdie cert ^mi^Myi traristiimih^lly, by stent; #1i'^a^dable"pd^^ or 
Sphere or in a pleuronic gel. 
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